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$0$
$\mathbb{R}^{2}$ $U$ $C^{\infty}$- $g$ : $Uarrow \mathbb{R}^{3}$
to
$g^{t}(u,v)=g(u, v)+t_{0}n(u, v)$
$g$ to (parallel surface of $g$ at a distance to)
$n$ $g$
$\kappa i(u, v)(i=1,2)$ $g$ $to=1/\kappa.;(u_{0},v_{0})$ $g^{t}$
(uo, $v_{0}$ ) $(u_{0}, v_{0})$ $g^{t}$
$g(u_{0}, v_{0})$ $g$ 1 $g(u_{0}, v_{0})$ $g$ $0$
1
2
3
1
$g$ $g(u0, v_{0})$ $(u_{0}, vo)$ $\kappa i(u_{0},vo)$
$v_{i}$
1.1. $g(u_{0},v_{0})$ $g$ $g(u_{0}, v_{0})$ $g$ $vi$
(ridge point) $v_{i}\kappa i(u_{0}, v_{0})=0$
$v_{i}$ (ridge line) $v^{(m)}\kappa;(u0,vo)=0(1\leq m\leq k)$
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$v_{i}^{(k+1)}\kappa i(u0,v_{0})\neq 0$ $g(u_{0}, v_{0})$ $k$
$v_{i}\kappa i$ $v_{i}$ $\kappa i$
$v_{i}$ $g+n/\kappa_{i}$
1.2. $g$ (uo, $v_{0}$ ) $g$ $g(u_{0},v_{0})$ $g$
$vi$ (sub-parabolic point) $v;\kappa j($uo, $vo)=0(i\neq j)$
(sub-parabolic line)
$v$; $g+n/\kappa i$
2 $d$
$d:U\cross \mathbb{R}^{3}arrow \mathbb{R};d(u, v,x)=\Vert x-g(u,v)\Vert^{2}$ .
$g(u_{0},v_{0})$ $g$ $p_{0}=(u_{0}, v_{0})$ 2
$d$ $x_{0}\in \mathbb{R}^{3}$
3
$C(u, v)=d_{uuu}(p_{0}, x_{0})u^{3}+3d_{uuv}(p_{0}, x_{0})u^{2}v+3d_{uvv}(p_{0}, x_{0})uv^{2}+d_{vvv}(p_{0},x_{0})v^{3}$
1.3. 3 $C(u, v)$ (i.e. 3 ), (i.e.
), (i.e. 1 ), (i.e. )
$g(p_{0})$ (elliptic umbilic), (parabolic
umbilic), (hyperbolic umbilic), (perfect umbilic)
$C(u, v)$ 2
(right-angled umbilc)
3 1
[4,12,14]
126
$g$
$\Phi:U\cross \mathbb{R}^{4}arrow \mathbb{R};\Phi(u, v, x, y, z,t)=-\frac{1}{2}(\Vert(x,y,z)-g(u,v)\Vert^{2}-t^{2})$
$t=t_{0}$
$\Phi^{t}$ : $U\cross \mathbb{R}^{3}arrow \mathbb{R};\Phi^{t}(u, v, x, y, z)=\Phi(u, v,x, y, z, t_{0})$
2
$\Phi$
$\mathcal{D}(\Phi)=\{(x, y, z,t);\exists(u, v)s.t. (x,y, z)=g(u, v)+tn(u,v)\}$
$\mathcal{D}(\Phi)$ $t=t_{0}$ $g$ to $g^{t}$
$\Phi^{t}$
$\mathcal{D}(\Phi^{t})=\{(x, y, z);$ $(u, v) st. (x, y,z)=g(u, v)+t_{0}n(u,v)\}$
$g$ to $g^{t}$
$(x0, y0, z0, to)$ $\varphi(u,v)=\Phi(u, v, x0,y0, \sim 0,to)$ $\varphi(u, v)=$
$\Phi^{t}(,\vee$ $\Phi,$ $\Phi’$ $\varphi$ $\mathcal{K}$ $D(\Phi)$ . $\mathcal{D}(\tilde{\Phi})$
$D_{4}$
2 $\Phi,$ $\Phi^{t}$ $\varphi$ $\mathcal{K}$
$\mathcal{K}$ [8]
1.4. $to=1/\kappa i(u_{0}, v_{0})$
(1) $g(u_{0}, v_{0})$ $g$ $g^{t}$ $g^{t}(u_{0}, v_{0})$
(cuspidaledge)
(2) $g(u_{0}, v_{0})$ $g$ 1
$g^{t}$ $g^{t}(u_{0}, v_{0})$ (swallowtail)
(3) $g(u_{0}, v_{0})$ $g$ 2 $(u_{0}, v_{0})$
$g^{t}$ $g^{f}(u_{0}, v_{0})$ (butterfly)
(4) $g(u_{0},v_{0})$ $g$ (resp. )
$g^{t}$ $g^{t}(u_{0}, v_{0})$ $D_{4}^{-}$ (resp. $D_{4}^{+}$ )
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1 2
$g(u_{0}, v_{0})$ $\Phi^{\ell}$
$\varphi$
$\mathcal{K}$
[10]
1.5. $t_{0}=1/\kappa i(u_{0}, v_{0})$ $g(u_{0}, v_{0})$ 1 $v_{i}$
$v$;
(1) $(u_{0}, v_{0})$ $\kappa_{i}$ $g^{\ell}$ $g^{t}(u_{0}, v_{0})$
(cuspidal lips)
(2) $(u_{0}, v_{0})$ $\kappa$ ; $g^{t}$ $g^{t}(u_{0}, v_{0})$
(cuspidal beaks)
0
1.6. $(u_{0}, v_{0})$ $\kappa$ ; $0$ $v_{i}$
$vj$
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3 4
2
2.1. $g(u_{0}, v_{0})$ $g$ $v_{i}$
$\kappa_{i}(u, v)\kappa_{i}(u_{0}, v_{0})$ $(u_{0}, v_{0})$ $g(u_{0}, v_{0})$ $vj$
(1) 1 $\kappa i(u, v)=\kappa i(u_{\mathfrak{d}},vo)$
$(u_{0}, v_{0})$
(2) 2 $\kappa_{i}(u, v)=$
$\kappa_{i}(u_{0}, v_{0})$ $(u_{0}, v_{0})$
14 $to=1/\kappa;(u_{0}, v_{0})$ $g^{t}$ $(u_{0}, v_{0})$
$\kappa i(u, v)=\kappa_{i}(u_{0}, v_{0})$ $g^{t}(u_{0}, v_{0})$
$\kappa_{i}(u, v)=\kappa_{i}(u_{0}, v_{0})$ $g^{t}(u_{0}, v_{0})$
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2.2. $g(u0, v_{0})$ $g$ $v$; 1 $g(u_{0},v_{0})$
$v$;
(1) $(u0, v_{0})$ $\kappa_{i}(u, v)$ $\kappa_{i}(u, v)=$
$\kappa_{i}$ (uo, $v_{0}$ )
(2) (uo, $v_{0}$ ) $\kappa_{i}(u,v)$ $\kappa_{i}(u, v)=$
$\kappa i(u_{0},v_{0})$ 2
2.3. $g(u0, vo)$ $g$ $\kappa_{1}(u0, v_{0})=\kappa_{2}(u0,v_{0})=k$
(1) $g$ (uo, $v_{0}$ ) $\kappa_{i}(u, v)=k$
(2) $g(u_{0},v_{0})$ $(u_{0},v_{0})$ 2
(uo, $v_{0}$ )
5
$v_{1}$ $v_{2}$
$\kappa_{1}(u, v)=k$ , $\kappa_{2}(u, v)=k$
$\epsilon$ $to=1/\kappa_{i}(u0, vo),$ $t_{1}=1/(\kappa i(uo, v_{0})\pm\epsilon)$ 5
$g(u_{0},v_{0})$ $g^{t_{1}}$ $g^{t_{1}}(u0, v_{0})$ 3
$g(u_{0}, v_{0})$ $t_{1}$ $g^{\ell_{1}}$
$g^{t_{1}}(u_{0}, v_{0})$
3
Rossman
[11] 2
( )
$g$
$\Psi$ : $U\cross \mathbb{R}^{4}arrow \mathbb{R};\Psi(u,v, x, y, z, t)=\langle(x, y, z)-g(u, v),$ $n(u, v)\rangle-t$
$t=t0$
$\Psi^{t}$ : $U\cross \mathbb{R}^{4}arrow \mathbb{R};\Psi^{t}(u, v, x,y,z)=\langle(x, y, z)-g(u, v),$ $n(u, v)\rangle-t_{0}$
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(1)
$|$
$\acute{\prime j}$
$|$
(2) $-)\cdots:’’..\cdot’-\backslash ’.\cdot\cdot$
5 (1) (2)
$g$ $g^{t}$ $g^{t}(u_{0}, \uparrow J_{0})$
$\Psi^{t}(u_{0}, v_{0}, x, y, z)=0$ $\Psi,$ $\Psi^{t}$
$g^{t}$ $\Psi^{t}=0$
$\Psi^{t}(u, v, x, y, z)=\Psi_{u}^{t}(u, v, x, y, z)=\Psi_{v}^{f}(u, v\prime x, y, z)=0$
$\Psi^{t}$
$\mathcal{D}(\Psi^{t})$
2 $\Psi,$ $\Psi^{t}$ $\psi(u, v)=$
$\Psi(u, v, x0, y0, z_{0}, t_{0})$ $\psi(u, v)=\Psi^{t}(u, v, x0, y0, zo)$ $\mathcal{K}$
$g^{t}$
$\Psi^{f}$. $\mathcal{D}$ ( $\Psi$ $g(u, v)$
$D(\Psi^{t})$ $g^{t}$ $g(u, v)$
$\mathcal{D}(\Psi^{t})=\{(x,$ $y,$ $z)=g(u,$ $v)+\lambda(u,$ $v)g_{u}(u,$ $v)+\mu(u,$ $v)g_{v}(u,$ $v)+t_{0}n(u,$ $v),$ $(\lambda,$ $\mu)$ $\}$
$g^{t}$
(parabolic line)
$\mathcal{D}(\Psi^{f}\cdot)$ $U$ $\alpha(s)=(\uparrow 4(s), v(s))$ $g$
$ANC(s)=g(\alpha(s))+\lambda(\alpha(s))g_{u}(\alpha(s))+\mu(\alpha(s))g_{v}(\alpha(s))+t_{0}n(\alpha(s))$
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$g$ (asymptotic-normal curve),
ANS$(s, t)=g(\alpha(s))+\lambda(\alpha(s))g_{u}(\alpha(s))+\mu(\alpha(s))g_{v}(\alpha(s))+tn(\alpha(s))$
$g$ (asymptotic-normal surface)
3.1.
$g(u, v)=(u,$ $v,$ $\frac{1}{2}u^{2}+\frac{1}{6}(u^{3}-3uv^{2}))$
$\alpha(s)$
$\alpha(s)=(\frac{1}{2}(\cos s-1),$ $\frac{1}{2}\sin s)$
$(\lambda, \mu)$ $\lambda g_{u}+\mu g_{v}=1$
$( \lambda,\mu)=\frac{8\sqrt{2}}{\sqrt{138-15\cos s+6\cos 2s-\cos 3s}}(\sin\frac{s}{2},$ $\cos\frac{s}{2})$
$g$
$ANC( \epsilon)=(\frac{1}{2}(co\epsilon\epsilon-1)+\frac{8\sqrt{2}\epsilon in\frac{s}{2}}{\sqrt{138-15co\epsilon\epsilon+6co\epsilon 2\epsilon-co\epsilon 3s}}+t_{O}\frac{2\sqrt{2}(co\epsilon\iota+2)\epsilon in^{2}\frac{\epsilon}{2}}{\sqrt{39-6co\epsilon s-3co\epsilon 2\iota+2co\epsilon 3\iota}}$,
$\frac{\sin s}{2}+\frac{8\sqrt{2}co\epsilon\frac{l}{2}}{\sqrt{138-15co\epsilon\epsilon+6co\epsilon 2\epsilon-co\epsilon 3\epsilon}}+t_{O}\frac{\sqrt{2}(co\epsilon s-1)si\mathfrak{n}s}{\sqrt{39-6co\epsilon s-3co\epsilon 2s+2co\epsilon 3s}}$ ,
$\frac{1}{3}(co\epsilon\epsilon+2)\epsilon i\mathfrak{n}^{4}\frac{l}{2}-\frac{4\sqrt{2}\epsilon\prime 1\mathfrak{n}^{\}\frac{\epsilon}{2}}{\sqrt{138-15\cos\epsilon+6co\epsilon 2s-\cos 3s}}+t_{O}\frac{4\sqrt{2}}{\sqrt{39-6co\epsilon\epsilon-3co\epsilon 2\epsilon+2co\epsilon 3\epsilon}})$
6 $($ $:t_{0}=1,$ $:t_{0}=0,$ $:t_{0}=-1)$ ,
7
$\Psi,$ $\Psi^{t}$ $\mathcal{K}$
3.2. $\psi(u, v)=\Psi(u, v, x0, y0, z0, to)$ $\psi$) $(u, v)=\Psi^{t}(u, v, x0,/\uparrow 0, z_{0})$
$g(u_{0}, v_{0})$ $g$
(1) $\kappa_{1}(u0, vo)=0$ $($ resp. $\kappa_{2}(u0,$ $vo)=0)$ $\psi$ $(u0;v_{0})$ $A_{2}$
$g(u0, v_{0})$ $g$ $v_{1}$ (resp. $v_{2}$ ) $\Psi^{t}$
$\psi$ $\mathcal{K}$
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6 7
(2) $\kappa_{1}(u_{0}, v_{0})=0$ $($ resp. $\kappa_{2}(u_{0},$ $v_{0})=0)$ $\psi$ $(u_{0}, v_{0})$ $Aa$
$g(u_{0},v_{0})$ $g$ $v_{1}$ (resp. $v_{2}$ ) $(u_{0},v_{0})$
$(v_{2}\kappa_{1})^{2}-(v_{1}\kappa_{1})(v_{2}\kappa_{2})\neq 0$ $($resp. $(v_{1}\kappa_{2})^{2}-(v_{2}\kappa_{2})(v_{2}\kappa_{1})\neq 0)$
$\Psi^{t}$ $F$ $\psi$ $\mathcal{K}$
(3) $\psi)$ $D_{4}$ $\Psi$ $\psi$) $\mathcal{K}$
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